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Description 

FIELD OF THE INVENTION AND RELATED ART 

[0001] This invention relates to an optical unit having 
an optical element such as a diftractive optical element, 
for example, and, more particularly, to an optical unit 
suitably usable in manufacture of a microdevice such as 
IC or LSI, for example. 

[0002] Semiconductor device manufacturing technol- 
ogy has recently been advanced remarkably and, in this 
trend, microprocessing techniques have been devel- 
oped significantly. For the microprocessing, reduction 
projection exposure apparatuses having a resolving 
power of submicron order and being called steppers are 
mainly used. For further improvement of resolution, en- 
largement of the numerical aperture (NA) of an optical 
system, shortening of exposure wavelength or introduc- 
tion of novel optical element has been attempted. 
[0003] An optical element such as a ditlraclive optical 
element may be used in an exposure apparatus for cor- 
rection of chromatic aberration, for example. In that oc- 
casion, among light rays diffracted by the optical ele- 
ment, those light rays (unwanted light) diffracted in di- 
rections other than a desired direction or directions may 
be reflected within a lens barrel, by which ghost or flare 
may be produced. This may cause non-uniformness of 
exposure amount distribution upon the surface to be ex- 
posed. 

SUMMARY OF THE INVENTION 

[0004] It is an object of the present invention to pro- 
vide an improved optical unit by which such ghost or 
flare can be reduced or avoided. 
[0005] It is another object of the present invention to 
provide an optical instrument having such optical unit as 
described above. 

[0006] In accordance with an aspect of the present in- 
vention, there is provided an optical unit, comprising: an 
optical element for deflecting light incident thereon to- 
ward differenl directions; and attenuating means for at- 
tenuating light deflected in a predetermined direction, of 
the different directions. 

[0007] In accordance with another aspect of the 
present invention, there is provided an optical unit, com- 
prising, means for holding an optical element being op- 
erable to deflecting a portion of light incident thereon 
toward a predetermined direction and and having a 
function that an unwanted light in another portion of the 
light incident thereon is directed in a direction different 
from the predetermined direction; and attenuating 
means operable to converge at least a portion of the un- 
wanted light toward a predetermined region through 
multiple reflection, thereby to attenuate the same. 
[0008] In one preferred form of these aspects of the 
present invention, there is cooling means for cooling 
said attenuating means. 



[0009] The attenuating means may have a function for 
converging the light toward a predetermined region 
through multiple reflection. 

[0010] The optical element may comprise a diffractive 

s optical element. 

[0011] The diffractive optical element may have a dif- 
fraction pattern formed with a step-like shape. 
[0012] The light deflected toward the predetermined 
direction may be a positive first order or negative first 

to order diffraction light of the light deflected by said optical 
element. 

[001 3] The attenuating means may comprise light ab- 
sorbing means having a recess of horn-like sectional 
shape with its inside wall face formed as a reflection sur- 
'5 face. 

[0014] The attenuating means may comprise light ab- 
sorbing means having a groove-like member with its 
side face formed as a reflection surface. 
[0015] The optical element may be fixedly or movably 

20 held in a barrel, wherein said altenualing means may 
be provided over the whole circumference of the inside 
circumferential surface of said barrel. 
[0016] The optical unit may have a plurality of light ab- 
sorbing means. 

2£ [0017] The cooling means may comprise an air cool- 
ing system, a water cooling system, or a Peltier device. 
[0018] In accordance with a further aspect of the 
present invention, there is provided an optical instru- 
ment having an optical unit as recited above, forproject- 

30 ing light toa photosensitive material through said optical 
unit. 

[0019] In accordance with a yet further aspect of the 
present invention, there is provided an optical instru- 
ment having an optical unit as recited above, forproject- 
35 ing light to a photoelectric converting element through 
said optical unit. 

[0020] In accordance with a sti« further aspect of the 
present invention, there is provided an exposure appa- 
ratus, comprising: an illumination optical system, a pro- 

40 jection optical system; and an optical unit as recited 
above, wherein said optical unit is incorporated into one 
of said illumination optical system and said projection 
optical system as a portion thereof, so that a predeter- 
mined pattern is projected onto a surface to be illumi- 

*s nated, whereby the pattern is printed thereon. 

[0021] In accordance with a yet further aspect of the 
present invention, there is provided a device manufac- 
turing method, comprising the steps of: 
applying a photosensitive material to a wafer; exposing 

so the wafer having the photosensitive material applied 
thereto, with a device pattern by use of an exposure ap- 
paratus as recited in Claim 17, and developing the ex- 
posed wafer. 

[0022] These and other objects, features and advan- 
55 tages of the present invention will become more appar- 
ent upon a consideration of the following description of 
the preferred embodiments of the present invention tak- 
en in conjunction with the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0023] 

Figure 1 is a schematic view of a general structure 
of a stepper according to a first embodiment ol the 
present invention. 

Figure 2 is a schematic and sectional view of a por- 
tion of a reduction optical system according to an 
embodiment of the present invention. 
Figures 3A and 3B are schematic views of an optical 
unit according to an embodiment of the present in- 

Figure 4 is a schematic and sectional view, showing 
in enlargement a portion of a reduction optical sys- 
tem according to an embodiment of the present in- 
vention. 

Figure 5 is a schematic and sectional view, showing 
details of an optical absorption structure according 
to an embodiment of the present invention. 
Figure 6 is a schematic and sectional view, showing 
in enlargement a portion of a reduction optical sys- 
tem according to another embodiment of the 
present invention. 

Figure 7 is a schematic and sectional view, showing 
details of an optical absorption structure according 
to another embodiment of the present invention. 
Figure 8 is a schematic and sectional view, showing 
a portion of a reduction optical system according to 
a further embodiment of the present invention. 
Figure 9 is a schematic and sectional view of a tel- 
evision camera according to an embodiment of the 
present invention. 

Figure 10 is a flow chart of semiconductor device 
manufacturing processes, using a stepper accord- 
ing to the present invention. 
Figure 11 is a flow chart for explaining details of a 
wafer process in the procedure of Figure 10. 
Figure 1 2 is a schematic and sectional view, show- 
ing in enlargement a portion of a reduction optical 
system according to a further embodiment of the 
present invention. 

Figure 1 3 is a schematic and sectional view show- 
ing details of an optical absorption structure accord- 
ing to a further embodiment of the present inven- 
tion. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0024] Preferred embodiments of the present inven- 
tion will now be described with reference to the accom- 
panying drawings. 

[0025] Figure 1 is a schematic and side view of a gen- 
eral structure of a stepper (reduction projection expo- 
sure apparatus) having an optical unit according to afirst 
embodiment of the present invention. Figure 2 is a sche- 
matic and sectional view of a portion of a projection op- 



tical system in the stepper ol Figure 1 . 
[0026] Figure 1 is a schematic view which shows a 
major structure of the stepper of the first embodiment, 
wherein the stepper comprises an illumination optical 

5 system 1 0 for projecting an illumination light to a reticle 
11 having a circuit pattern formed thereon, and a pro- 
jection optical system 1 2 for projecting the pattern of the 
reticle 1 1 onto the surface of a wafer 1 3 in a reduced 
scale, by use of the light passing through the reticle 11 . 

10 The stepper further comprises a wafer chuck 14 on 
which the wafer 1 3 is placed and held fixed, and a wafer 
stage 15 on which the wafer chuck 14 is fixedly mount- 
ed 

[0027] The optical system described above compris- 

'5 es a light source 1 for emitting illumination light of short- 
wavelength light such as ultraviolet light or deep ultra- 
violet light (in this embodiment, high-luminance ArF ex- 
cimer laser light), and beam shape changing means 2 
for transforming the illumination light from the light 

20 source I into a desired beam shape. It lurther comprises 
an optical integrator 3 having a plurality of cylindrical 
lenses or small lenses disposed two-dimensionally, and 
a stop member 4 having interchangeable stops which 
can be selectively interchanged by using interchanging 

2S means (not shown), and being disposed adjacent to the 
position of secondary light sources as produced by the 
optical integrator 3. The optical system further compris- 
es a condenser lens 5 for collecting the illumination light 
passed through the stop member 4, and a blind means 

30 7 having four movable blades, for example, and being 
disposed at a conjugate plane of the reticle 11 to deter- 
mine a desired illumination range on the reticle 11 sur- 
face. It further comprises an imaging lens 8 for project- 
ing the illumination light having been determined by the 

ss blind 7, into a predetermined shape, and a deflection 
mirror 9 for reflecting the illumination light, from the im- 
aging lens 9, toward the reticle 11 direction. 
[0028] The operation tor projecting, in a reduced 
scale, the pattern of the reticle 1 1 onto the wafer 1 3 sur- 

40 face by using the stepper of the structure described 
above, will be explained. 

[0029] First, the illumination light emitted from the 
light source 1 is transformed by the beam shape chang- 
ing means 2 into a predetermined shape and, after this, 

45 jt js projected onto the optical integrator 3. In response, 
adjacent to the light exit surface of the integrator, a plu- 
rality of secondary light sources are produced. The illu- 
mination light from these secondary light sources pass 
through the stop member 4 and are collected by the con- 

50 denser lens 5. Then, after being defined into a prede- 
termined shape by means of the blind 7, the light is 
transmitted through the imaging lens 8 and is reflected 
by the deflection mirror 9 Subsequently, the light pass- 
es the pattern of the reticle 1 1 and it enters the projection 

ss optical system 1 2. The light passes through the projec- 
tion optical system 1 2, by which the reticle pattern is pro- 
jected upon the surface of the wafer 11 while being re- 
duced into a predetermined size. The wafer exposure is 
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thus performed. 

[0030] The structure ol the projection optical system 
1 2 having an optical unit with a diffractive optical ele- 
ment 22 according to the first embodiment, will be de- 
scribed below. Figure 2 is a sectional view of a portion 
of the projection optical system 12 of Figure 1 . There is 
a diffractive optical element 22 fixedly mounted inside a 
barrel 21 . Also, there are lenses 20 and 24 fixedly dis- 
posed above and below the diffractive optical element 
22. 

[0031] The diffractive optical element 22 is a single 
unit having a function equivalent to a combination of plu- 
ral lenses being accumulated, and it serves to reduce 
aberration of the projection optical system 12, particu- 
larly, chromatic aberration thereof. 
[0032] Namely, with the insertion of the diffractive op- 
tical element 22 into the projection optical system 1 2, 
production of aberration can be reduced to minimum 
while using a decreased number of optical lenses of the 
projection optical system 1 2. 

[0033] Next, details of the diffractive optical element 
22 will be explained. Figure 3A is a plan view of the dif- 
fractive optical element 22, and Figure 3B is a fragmen- 
tary sectional view taken on a line l-l in Figure 3A. 
[0034] As shown in Figure 3A, the diffractive optical 
element 22 is formed into a disk-like shape to be fitted 
into the inside diameter of the barrel 21 Further, as 
shown in Figure 3B, there is a diffraction grating surface 
22a of small step-like sectional shape formed on the dif- 
fractive optical element. 

[0035] Thus, the diffractive optical element is a binary 
type opfical element with a diffraction grating surface 
22a which can be produced by forming small surface 
steps (level differences). Through the function of these 
small surface steps, the diffractive optical element op- 
erates to diffract light rays 23 incident thereon, at a de- 
sired deflection angle 

[0036] The diffractive optical element 22 can be pro- 
duced by microprocessing a disk-like substrate, mainly 
consisting of quartz, on the basis of a photolithographic 
process and a dry etching process, used in the semi- 
conductor manufacturing procedure. The diffraction 
grating surface 22a thereof is formed into such shape 
that an idealistic element shape (blazed shape) as de- 
picted in Figure 3B is approximated by a step-like shape. 
Here, the height (level difference) of each individual step 
in the step-like section is about 40 - 60 nm. 
[0037] A diffraction pattern on the diffraction grating 
surface 22a can be produced by patterning the surface 
of a disk-like substrate on the basis of photolithography 
and dry etching. In order to provide a diffraction pattern 
with a step-like shape such as shown in Figure 3B, pat- 
terning operations of times corresponding to the number 
of surface steps are necessary. When a diffraction pat- 
tern with eight steps (levels) such as shown in Figure 
3B is to be produced, three times patterning operations 
are necessary. Here, if a disk-like substrate which is a 
raw material for the diffractive optical element 22 is rel- 



atively large in size, the whole range may not be ex- 
posed through a single exposure operation. Thus, the 
element surface may be divided concentrically into plu- 
ral zones, and three times patterning operations may be 

s performed with respect to each of the zones. 

[0038] As shown in Figure 3B, the light rays 23 inci- 
dent on the diffractive optical element 22 are diffracted 
thereby at a desired deflection angle, so that light rays 
24 (i.e., first order diffraction light) to be used for the im- 

io age pickup are produced. Here, most of the incident light 
rays 23 are diffracted as desired first order diffraction 
light. However, there are unwanted light rays 25 pro- 
duced by diffraction, which advance in a direction differ- 
ent from the advancement direction of the fight rays 24. 

15 [0039] The light rays 25 are those rays which are pro- 
duced in relation to the small surface steps (level differ- 
ences) of the binary type optical element. If the diffrac- 
tion grating surface 22a of the diffractive optical element 
22 is formed into a completely idealistic shape, there oc- 

20 curs no such unwanted light ray 25 However, when the 
diffraction grating surface 22a is approximated by use 
of a small step-like structure, unwanted light rays 25 are 
produced. In accordance with simulations based on de- 
sign values of the diffraction grating surface 22a of the 

ss diffractive optical element 22 as well as the wavelength 
of light rays projected thereto from the light source 1 , for 
example, the advancement direction (diffraction angle) 
of the first order diffraction light (light rays 24) and also 
the advancement direction (diffraction angle) of the un- 

30 wanted light rays 25, can be detected 

[0040] Next, the structural members provided in the 
barrel 21, for absorbing the unwanted light 25, will be 
explained. 

[0041] As shown in Figure 2, upon the inside circum- 
35 ferential surface 21a of the barrel 21 between the dif- 
fractive optical element 22 and the optical lens 24, there 
is a light absorbing structure (attenuating means) 25 ex- 
tending over the entire circumference. Disposed close 
to the light absorbing structure 26 and outside the barrel 
40 21 is cooling means 27 which extends over the entire 
circumference. 

[0042] Figure 4 shows details of the light absorbing 
structure 26 in the first embodiment. The light absorbing 
structure 26 comprises two recesses 28 and 29 formed 

4 s close to each other and each having a horn-like section- 
al shape. Each of these horn-like recesses 28 and 29 is 
formed to extend over the entire inside circumference 
of the barrel 21 . The positions of the recesses 28 and 
29 are just below the diffractive optical element 22, and 

so they are on an extension line of the advancement direc- 
tion of the unwanted light 25. 

[0043] The barrel is made of metal, for example, and 
the inner wall surfaces of the recesses 28 and 29 are 
formed as metal reflection surfaces. Figure 5 is a sec- 
55 tional view, showing the shape of the recess 28 in detail. 
The recess 28 is formed with a horn-like sectional 
shape. Thus, the inner wall surface 28a of the recess 
28 is bent upwardly, as viewed in Figure 4, and its free 
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end portion 28b is converged toward a particular region. 
[0044] Figure 5 illustrates that the unwanted light 25 
entering the recess 28 is reflected within the recess 28. 
In this manner, the unwanted light rays 25 are reflected 
by the inner wall surface 28a of the recess 28 toward 
the bottom of the recess, and they are converged to the 
free end portion 28b at the bottom of the recess 28. 
[0045] Thus, with the provision of the horn-like recess 
28 disposed in the advancement direction of the un- 
wanted lights 25, the unwanted lights can be converged 
toward a particular convergence region through multiple 
reflection inside the recess 28, and they can be ab- 
sorbed thereby 

[0046] As shown in Figure 4, there is cooling means 
27 comprising Peltier elements 30a and 30b which are 
provided outside the barrel 21 and in close proximity to 
the tree end portions 28b and 29b of the recesses 28 
and 29 Thoscs Peltier elements 30a and 30b function 
to absoib hcrti on the bnsis o' the Peltier effect. 
[0047] By disposing the Pof.ici elements 30a and 30b 
in close piuxitaity to the hoc cue portions 28b and 29b 
of the recesses 25 and 29 *ny heat generation to be 
produced at the tree end portions 28b and 29b in re- 
sponse to the nbsorplion ol unwanted light 25, can be 
cooled from the outside of the barrel 21 As a result of 
it, any deformation ol the bartol 21 due to heat genera- 
tion at the recesses 28 and 29 can be prevented and, 
therefore, degradation ol optical performance of thepro- 
jection optical system 1 2 due to such deformation of the 
barrel 21 can be avoided 

[0048] In accordance with the first embodiment of the 
present invention as described above, light rays 23 in- 
cident on the diffractrve optical element 22 are diffracted 
into desired first order diffraction light (light rays 24), 
while unwanted light rays 25 produced and diffracted in 
a direction different from the light rays 24 are absorbed 
by horn-like recesses 28 and 29 which are provided in 
the advancement direction of the unwanted light rays 
25. Through the absorption of the unwanted light 25, it 
can be removed from the projection optical system 12 
[0049] As a result, the light rays 25 which may cause 
irregular reflection within the projection optical system 
1 2 can be removed and, therefore, production of ghost 
or flare can be prevented. The uniformness of the light 
flux to be projected on the wafer 13 can thus be im- 
proved. Therefore, with desired light rays 24 passing 
through the projection optical system 12, a pattern of 
desired shape can be produced on the wafer 1 3 at a 
high precision. The reliability of a device to be produced 
by the stepper of Figure 1 can be improved. 
[0050] Further, with the provision of cooling means 
having Peltier elements 30a and 30b in close proximity 
to the recesses 28 and 29, the recesses 28 and 29 heat- 
ed as a result of absorption of the light rays 25 can be 
cooled thereby Thus, any deformation of the barrel 21 
due to heat can be reduced, and degradation of the op- 
tical performance of the projection optical system 1 2 can 
be prevented. 



[0051] Next, a second embodiment of the present in- 
vention will be described in conjunction with the draw- 
ings. Also in fhe second embodiment, description will be 
made on an example of a stepper having an optical unit 
s according to the present invention. 

[0052] Major structures of the stepper and the projec- 
tion optical system as an optical unit, of the second em- 
bodiment are essentially the same as those of the first 
embodiment. The second embodiment differs from the 

10 first embodiment in respect to the light absorbing struc- 
ture 26 and the cooling means 27 of Figure 2. These 
components will be mainly described below. In the draw- 
ings which illustrate the second embodiment, the struc- 
tural elements substantially corresponding to those of 

? s the first embodiment are denoted by like numerals. 
[0053] Figure 6 shows details of a light absorbing 
structure 26 according to the second embodiment. The 
light absorbing structure 26 comprises a groove-like 
member 31 having a wedge-like sectional shape and 

20 being formed to extend over Ihe entire circumference of 
the inside circumferential surface 21a of the barrel 21. 
The groove-like member 31 has its tip ends formed with 
sharp edges, and it is held fixed at the bottom. 
[0054] Figure 7 is an enlarged sectional view of the 

25 groove-like member 31 . In this embodiment, the groove- 
like member 31 is made of a metal material, and the side 
faces 31a of the groove-like member 31 provide metal 
reflection surfaces By forming the side faces 31a as re- 
flection surfaces in this manner, as shown in Figure 7, 

30 when unwarned light rays 25 are incident on the light 
absorbing structure 26 comprising the groove-like mem- 
ber 31 , the light rays 25 are repeatedly reflected and are 
directed to the bottom 32 of each groove. Thus, the light 
rays can be absorbed at the bottom 32 

35 [0055] As shown in Figure 6, disposed on the outside 
circumference of the barrel 21 is a fin-like heat radiation 
plate 33 which is mounted in close proximity lo the light 
absorbing structure 26 comprising the groove-like mem- 
ber 31 . The heal radiation plate 33 is formed to extend 

40 through the entire outside circumference of the barrel 
21. It functions as cooling means 27 for cooling the 
wedges of the groove-like member 31 as being heated 
by the absorption of the light rays 25. 
[0056] Namely, the heat from the groove-like member 

4£ 31 being healed by absorption of light rays 25 is trans- 
ferred to the heat radiation plate 33 through the barrel 
21 . Then, it can be radiated effectively, by means of the 
heal radiation plate 33 which is formed with fins and thus 
with an enlarged surlace area 

so [0057] In accordance with the second embodiment of 
the present invention as described above, light rays 23 
incident on the diff ractive optical element 22 are diffract- 
ed into desired first order diffraction light (light rays 24), 
while unwanted light rays 25 produced and diffracted in 

ss a direction different from the light rays 24 are absorbed 
by the light absorbing structure 26 which has a groove- 
like member 31 and which is provided in the advance- 
ment direction of the unwanted light rays 25. Through 
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the absorption ol the unwanted light 25, it can be re- 
moved from the projection optical system 1 2. 
[0058] As a result, the light rays 25 which may cause 
irregular reflection within the projection optical system 
12 can be removed and, therefore, production of ghost 
or flare can be prevented. The uniformness of the light 
flux to be projected on the wafer 13 can thus be im- 
proved. Therefore, with desired light rays 24 passing 
through the projection optical system 12, a pattern of 
desired shape can be produced on the wafer 1 3 at a 
high precision. The reliability of a device to be produced 
by the stepper of Figure 1 can be improved. 
[0059] Further, with the provision of the fin-like heat 
radiation plate 33 outside the barrel 21 , the groove-like 
member 31 heated as a result of absorption of the light 
rays 25 can be cooled thereby. Thus, any deformation 
of the barrel 21 due to heat can be reduced, and degra- 
dation of the optical performance of the projection opti- 
cal system 12 can be prevented. 
[0060] The heat radiation plate 33 may be used also 
in the first embodiment as the cooling means 27. The 
Peltier elements 30a and 30b may be used also in the 
second embodiment as the cooling means 27. Further, 
in the first and second embodiments, the cooling means 
27 may be structured into a water cooling system, with 
the addition of piping means in proximity to the optical 
absorption means 26, for example. 
[0061] Further, as shown in Figure 8, an additional op- 
tical absorption structure 26' may be provided below the 
lens 24. With the provision of such optical absorption 
means 26' at that position, even if unwanted light rays 
34 being diffracted in directions other than the direction 
of the light rays 25 pass through the optical lens 24, the 
light rays 24 passing through the optical lens 24 and be- 
ing deflected (refracted) toward the inside circumferen- 
tial surface 21 a of the barrel 21 can be removed thereby 
Also in that occasion, additional cooling means 27' may 
be provided outside the barrel 21 , in close proximity to 
the optical absorption structure 26', by which the optical 
absorption structure 26' heated through the absorption 
of the light rays 33 can be cooled. In the manner as de- 
scribed, simulations may be made on the basis of the 
wavelength of the light source 1 as well as the design 
values of the diffractive optical element 22 and of the 
optical lenses 23 and 24, and the optical absorption 
means 26 may be provided in the portion where inci- 
dence of unwanted light rays is expected. With this ar- 
rangement, these unwanted light rays can be absorbed 
effectively. 

[0062] Next, an embodiment of a semiconductor de- 
vice manufacturing method which uses a stepper having 
been described with reference to Figure 1 , will be ex- 
plained. 

[0063] Figure 10 is a flow chart of procedure for man- 
ufacture of microdevices such as semiconductor chips 
(e.g. ICs orLSIs), liquid crystal panels, or CCDs, for ex- 
ample. 

[0064] Step 1 is a design process for designing a cir- 



cuit of a semiconductor device. Step 2 is a process for 
making a mask on the basis of the circuit pattern design. 
Step 3 is a process for preparing a wafer by using a ma- 
terial such as silicon. Step 4 is a wafer process (called 

s a pre-process) wherein, by using the so prepared mask 
and wafer, circuits are practically formed on the wafer 
through lithography. Step 5 subsequent to this is an as- 
sembling step (called a post-process) wherein the wafer 
having been processed by step 4 is formed into semi- 

'<? conductor chips. This step includes an assembling (dic- 
ing and bonding) process and a packaging (chip seal- 
ing) process. Step 6 is an inspection step wherein op- 
eration check, durability check and so on for the semi- 
conductor devices provided by step 5, are carried out. 

'5 With these processes, semiconductor devices are com- 
pleted and they are shipped (step 7). 
[0065] Figure 1 1 is a flow chart showing details of the 
wafer process. 

[0066] Step 11 is an oxidation process for oxidizing 

20 the surface of a wafer. Step 12 is a CVD process for 
forming an insulating film on the wafer surface. Step 1 3 
is an electrode forming process for forming electrodes 
upon the wafer by vapor deposition. Step 14 is an ion 
implanting process for implanting ionstothe wafer. Step 

2£ 15 is a resist process for applying a resist (photosensi- 
tive material) to the wafer. Step 16 is an exposure proc- 
ess for printing, by exposure, the circuit pattern of the 
mask on the wafer through the exposure apparatus de- 
scribed above. Step 1 7 is a developing process for de- 

30 veloping the exposed wafer. Step 18 is an etching proc- 
ess for removing portions other than the developed re- 
sist image. Step 1 9 is a resist separation process for 
separating the resist material remaining on the wafer af- 
ter being subjected to the etching process. By repeating 

3S these processes, circuit patterns are superposedly 
formed on the wafer 

[0067] Where this manufacturing method is used, at 
step 16, uniform illumination light having various optical 
aberrations corrected can be projected to the wafer sur- 

40 face, with use of the stepper according to this embodi- 
ment of the present invention and with a large latitude. 
Therefore, a large-integration semiconductor device 
can be produced easily and stably. Here, it is to be note 
that this manufacturing method may be used for the dif- 

•*6 tractive optical element 25 itself , not only for production 
ol a semiconductor device. 

[0068] While the first and second embodiments have 
been described with reference to examples of a stepper 
as an optical instrument having a diffractive optical ele- 
so rnent 22, the present invention is not limited to this. For 
example, as shown in Figure 9, the optical unit may be 
used in a portion of lenses constituting a television cam- 
era (CCD camera). 

[0069] In the TV camera shown in Figure 9, there are 
ss lens groups 102-105 before a photoelectric converting 
element (CCD) 101 : that is, on the target side. Here, de- 
noted at 102 is a focusing lens group, and denoted at 
103 is a variation lens group. Denoted at 104 is a com- 
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pensator lens group, and dented at 105 is a relay lens 
group 

[0070] The locusing lens group 102 is held by a fo- 
cusing lens barrel, and it can be moved along the optical 
axis direction. With this movement of the focusing lens 
group, the focusing operation is performed. Also, 
through movements of the variation lens group 103 and 
the compensator lens group 104, the zooming operation 
is performed. An image of a subject to be photographed 
is imaged on the photoelectric converting element 101 
after the relay lens group 105, by which a video image 
is produced. 

[0071] In the TV camera of the structure described 
above, the diffractive optical element 22 according to the 
present invention is fixedly mounted in front of the com- 
pensator lens group 104, for example. This enables that 
a portion of a lens group, which should otherwise be re- 
quired for suppressing the production of aberration, can 
be substituted by the diffractive optical element 22. By 
incorporating the diffractive optical element 22 into the 
optical system of the television camera, the total number 
of lenses of the optical system as a whole can be re- 
duced. This accomplishes a TV camera of smaller size 
and with a simple structure. Also, the manufacturing 
cost can be lowered significantly. 
[0072] The light absorbing structure 26 of the present 
invention is provided on the inside surface of the barrel, 
for holding the compensator lens group 1 04, and in prox- 
imity to the diffractive optical element 22. Also, there is 
cooling means 27 at the outside circumference of the 
barrel. Unwanted light rays diffracted by the diffractive 
optical element 22 and directed to the light absorbing 
structure 26 are absorbed thereby. The light absorbing 
structure 26 being heated by absorption of light can be 
cooled by the cooling means 27. 
[0073] Also, there is a light absorbing structure 26 dis- 
posed between Iwo lenses, constituting the focusing 
lens group 102. In this manner, the light absorbing struc- 
ture 26 is operable not only to directly absorb unwanted 
light rays produced by the diffractive optical element 22 
but also to absorb unwanted light rays from the lens to 
remove them. Also in that occasion, cooling means 27 
may desirably be provided in close proximity to the light 
absorbing structure 26. Here, it it to be noted that the 
structure of the television camera described above may 
be applied to a photographic camera using an ordinary 
photosensitive material. 

[0074] Next, a third embodiment of the present inven- 
tion will be described in conjunction with the drawings. 
Also in the third embodiment, description will be made 
on an example of a stepper having an optical unit ac- 
cording to the present invention. 
[0075] Major structures of the stepper and the projec- 
tion optical system as an optical unit, of the third embod- 
iment are essentially the same as those of 1he second 
embodiment. The third embodiment differs from the sec- 
ond embodiment in respect to the light absorbing struc- 
ture 26 shown in Figure 6, and description will be made 



mainly to this point of structure. 
[0076] Figure 12 shows details of a light absorbing 
structure 26 according to the third embodiment. The 
light absorbing structure 26 comprises a groove-like 
5 member 201 of approximately rectangular sectional 
shape and being formed to extend substantially through 
the entire circumference of the inside circumferential 
surface 21a of the barrel 21. The groove-like member 
201 has bottoms 202 each being defined by a surface 
10 having a certain area, not by a sharp edge. 

[0077] Figure 13 is a sectional view showing the 
groove-like member 201 in enlargement. In this embod- 
iment, the groove-like member 201 is made of a metal 
material, and the side faces 201a of the groove-like 

'5 member 201 provide metal reflection surfaces. 

[0078] The reflection factor of the metal reflection sur- 
face is made low with respect to the wavelength of inci- 
dent light 23. This can be done, for example, by depos- 
itinga desired optical film thereof or by roughly process- 

20 jng the same during a cutting and processing operation, 
for example. In that occasion, the light rays 25 incident 
thereupon are attenuated through multiple reflection at 
the inside surface of the groove-like member 201, but 
light rays impinging on the bottom 202 may then be mul- 

25 tiple-reflected and may emerge from the light absorbing 
structure as light rays 23 Even in that occasion, how- 
ever, they can be attenuated to a level that does not in- 
fluence the ghost or flare, for example. 
[0079] In this embodiment, the width of each groove 

30 of the groove-like member 201 decreases toward its bot- 
tom 202. However, this width may be kept substantially 
constant, toward the bottom 201 . Also, the bottom 202 
may have a curved surface, not a flat surface: 
[0080] Further, also in the first and second embodi- 

35 ments, even when a portion of the converged light rays 
leaks from the optical absorption structure, there occurs 
no inconvenience if the light rays are sufficiently atten- 
uated to a level that does not cause ghost or flare. 
[0081] While the invention has been described with 

40 reference to the structures disclosed herein, it is not con- 
fined to the details set forth and this application is in- 
tended to cover such modifications or changes as may 
come within the purposes of the improvements or the 
scope of the following claims. 



Claims 

1. An optical unit, comprising. 

so 

an optical element for deflecting light incident 
thereon toward different directions; and 
attenuating means for attenuating light deflect- 
ed in a predetermined direction, of the different 
55 directions. 

2. An optical unit, comprising: 
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means for holding an optical element operable 
to deflect a portion of light incident thereon to- 
ward a predetermined direction and having a 
function that an unwanted light in another por- 
tion of the light incident thereon is directed in a 
direction different from the predetermined di- 
rection; and 

attenuating means operable to converge at 
least a portion of the unwanted light toward a 
predetermined region through multiple reflec- 
tion, thereby to attenuate the same. 

3. An optical unit according to Claim 1 or 2, further 
comprising cooling means for cooling said attenu- 
ating means. 

4. An opdcal unit according to any one of Claims 1 - 
3. whcrcm said attenuating means has a function 
tor convoigmg the lighl toward a predetermined re- 
gion Ihiougli multiple reduction. 

5. An optical unit according to any one of Claims 1 - 

5, whetem said optcal element comprises a diffrac- 
tive opucal clemeni 

6. An optical unit according to Claim 5, wherein said 
diftractive optical element has a diffraction pattern 
formed with a step-like shape 

7. An optical unit according to any one of Claims 3 - 

6, wherein the lighl deflected toward the predeter- 
mined direction is a positive first order or negative 
first order diffraction light of the light deflected by 
said optical element. 

8. An optical unit according to any one of Claims 1 - 

7, wherein said attenuating means comprises light 
absorbing means having a recess of horn-like sec- 
tional shape with its inside wall face formed as a 
reflection surface. 

9. An optical unit according to any one of Claims 1 - 
7, wherein said attenuating means comprises light 
absorbing means having a groove-like member with 
its side face formed as a reflection surface. 

10. An optical unit according to any one of Claims 1 - 

9, wherein said optical element is fixedly or rnovably 
held in a barrel, and wherein said attenuating 
means is provided over the whole circumference of 
the inside circumferential surface of said barrel. 

11. An optical unit according to any one of Claims 1 - 

10, wherein said optical unit has a plurality of light 
absorbing means. 

12. An optical unit according to any one of Claims 3 - 

11, wherein said cooling means comprises an air 
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cooling system 

13. An optical unit according to any one of Claims 3 - 
11 , wherein said cooling means comprises a water 

s cooling system. 

14. An optical unit according to any one of Claims 3 - 
11 , wherein said cooling means comprises a Peltier 
device. 

10 

15. An optical instrument having an optical unit as re- 
cited in any one of Claims 1-14, for projecting light 
to a photosensitive material through said optical 
unit. 

15 

16. An optical instrument having an optical unit as re- 
cited in any one of Claims 1-14, for projecting light 
to a photoelectric converting element through said 
optical unit. 

20 

17. An exposure apparatus, comprising: 

an illumination optical system; 
a projection optical system; and 

2S an optical unit as recited in any one ol Claims 

1-14, wherein said optical unit is incorporated 
into one of said illumination optical system and 
said projection optical system as a portion 
thereof, so that a predetermined pattern is pro- 

30 jected onto a surface to be illuminated, whereby 

the pattern is printed thereon. 

18. A device manufacturing method, comprising the 
steps of: 

35 

applying a photosensitive material to a wafer: 
exposing the waler having the photosensitive 
material applied thereto, with a device pattern 
by use of an exposure apparatus as recited in 
40 Claim 17; 

developing the exposed wafer ; and 
manufacturing a device from the exposed wa- 
fer 

45 19. An optical device, comprising: 

an optical element for deflecting a first portion 
of a light beam incident thereon in a first direc- 
tion and a second portion of said light beam in 
50 a second direction; 

attenuating means for attenuating one of said 
first and second deflected portions of said light 
beam. 

55 20. An optical device according to claim 19, wherein 
said attenuating means is operable to converge 
said one deflected portion toward a predetermined 
region by multiple reflection 
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21 . An optical device according to claim 1 9 or claim 20, 
wherein said optical element comprises a diffractive 
optical element. 

22. An attenuating device for a barrel of an optical sys- s 
tern wherein a plurality of optical elements are ar- 
ranged sequentially along an optical axis extending 
through the barrel, the attenuating device compris- 
ing a number of circumferentially-extending 
grooves having openings in the radially inward di- 10 
rection of the barrel. 

23. An attenuating device according to claim 22, where- 
in the grooves have reflective sidewalls. 

15 

24. An attenuating device according to claim 22 or claim 
23, wherein the grooves are tapered in the radially 
outward direction of the barrel. 

25. An attenuating device according to any ol claims 22 20 
to 24, further comprising cooling means for cooling 
said attenuating device 

26. An exposure apparatus comprising an illumination 
optical system for illuminating a first object and a ss 
projection optical system for projecting a pattern of 
said first object onto a second object, wherein said 
illumination optical system or said projection optical 
system comprises: 

30 

an optical element for deflecting a first portion 
of a light beam incident thereon in a first direc- 
tion and a second portion of said light beam in 
. a second direction; 
attenuating means for attenuating one of said 35 
first and second deflected portions of said light 
beam. 
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(54) Projection optical system for projection exposure apparatus 



(57) A projection lens of a reduction projection ex- 
posure apparatus (stepper) includes a diffractive optical 
element (22) which reduces aberrations and deflects 
light towards different directions. Light deflected into un- 
wanted directions (25) which are not in a desired direc- 
tion used for image formation are attenuated by a light 



absorbing structure (26) to avoid ghost images or flare 
in the projected images. Cooling means (27) are provid- 
ed for cooling the attenuating means (26) and ensure 
deformation of the barrel (21) due to heat is reduced. 
The attenuating means (26) preferably operate through 
multiple reflections. 
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